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The invention relates to a steering differential for towed 
or self-propelled vehicles. 
The steering mechanisms used at present for these ve 

hicles are generally based on the well—known principle of 
the deformable ‘trapezium, resulting in a number of dis 
advantages owing to the fact that this affords only an ap 
proximate and limited solution to the problem or" turning 
vehicles. The application of this principle allows only 
very limited angles of lock for the steerable wheels, is re 
sponsible for the slipping of tyres which causes the latter 
to be worn out prematurely, and is also a cause of torsion 
al stresses affecting the chassis and the steering elements. 
Having to be arranged halfway up ‘the height of the wheels, 
the deformable trapezium requires the wheels to be 
mounted on stub axles and pivots centered differently from 
the centre of the wheels, which has given rise to a series 
of imperfect corrective measures such as raking and toe 
ing-in the wheels, resulting in retarding the advance of the 
vehicle and causing it to be displaced when the wheels are 
turned in the stopped state. A further result is the raising 
of the vehicle due to modi?cations in the inclination of the 
stub axle pivots, a serious disadvantage particularly for 
heavy vehicles, requiring excessive reduction in the steer 
ing system in order to overcome the different resistances. 
The present inadequacy of the steering lock of wheels 

has given rise to a series of well-known compromises, the 
main compromise being bringing the forward and rear 
wheel sets close together. Here the stability and comfort 
of the vehicle are sacri?ced for a small amount of addi 
tional mobility which is in any case inadequate. This is 
particularly regrettable in the case of vehicles such as long 
luxury coaches, lorries and autocars, there being no possi 
bility of pro?tably using the length of these vehicles as 
would be appropriate in order to ensure comfort and sta 
bility. This comfort is then sought by increasing the 
weight of the vehicle, but this results in a loss of respon 
siveness, a need of additional power, and greater con 
sumption of fuel and increased costs for the vehicles. 
The steering differential according to the invention 

eliminates all these disadvantages and objections entirely. 
It permits of strict differentiation of the turning of the 
steerable wheels at any moment, so that for all the wheels 
of the towed or self-propelled vehicle the plane of each 
wheel is always perpendicular to a straight line connecting 
the centre of the wheel to the centre of the turning circle 
of the vehicle, which eliminates any scuffing of the tyres. 
Owing to this steering differential, the wheel need now 
longer be necessarily mounted on a stub axle pivot, and a 
vertical turning pivot can be arranged above the wheels, 
permitting of dispensing with the restrictions of raking 
and toeing-in, and also the disadvantages of braking effects, 
the aforesaid displacement when in the stopped state, and 
torsional effects on the chassis which have to be overcome 
at the steering wheel. It permits the steerable wheels to 
be turned without any limitation and for the wheels to be 
placed at the extreme limits of the vehicle, giving the ve 
hicle increased useful space, stability and mobility, and 
also dispensing with ‘any compromise between mobility 
and stability on the one hand and mobility and comfort 
on the other hand. Moreover, the absence of turning or 
steering elements between the steerable wheels, such as 
the steering rod for the front axle, permits of dropping to 
as low a height or? the ground as possible. 
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According to the invention, the steering diiferential 

comprises mobile elements which are adapted to be dis 
placed in different ways by a steering member and pro 
vided with straight guiding means. Some of the guiding 
means of one of the elements are inclined relatively to 
straight lines parallel to the longitudinal median axis of 
the vehicle to form with these straight lines constant char 
acteristic angles. They are swept by other guiding means 
of a second element which intersect those of the ?rst ele 
ment, the intersection of these guiding means determining 
the length of oscillating arms each controlling the turning 
of a steerable wheel in such a manner that for a speci?c 
angle of rotation of the steering member, the oscillating 
arms of variable lengths impart different turning angles 
to the steerable wheels. The constant characteristic angle 
corresponds to the angle enclosed by the longitudinal axis 
of the vehicle and the straight line connecting the centre 
of the steerable wheel to the intersection of this median 
axis with the perpendicular to the latter within which there 
is situated the centre of the turning circle of the vehicle. 
This perpendicular coincides with the straight line con 
necting the centres of non-steerable wheels of a vehicle 
which comprises two steerable wheels adapted to be turned 
in an unlimited manner and two non-steerable wheels, the 
latter possibly being driving wheels. The centre of the 
turning circle of these vehicles may be situated in the verti 
cal passing through the centre of one of the non-steerable 
wheels when it is a question of vehicles having non- steer 
able driving wheels, or on the longitudinal median axis it 
self, at the intersection of the straight line connecting the 
non-steerable wheels, when it is a question of towed ve~ 
hicles, which imparts to these vehicles a greatly increased 
mobility relatively to those provided with a conventional 
steering device. When the perpendicular to the longitudi 
nal median axis in which the turning circle centre of the 
vehicle is situated cuts into two equal sections the portion 
of the longitudinal median axis comprised between the 
perpendiculars to this axis passing through the centres of 
the end wheels at one ‘and the same side of the longitudi 
nal median axis, a vehicle is obtained which has four steer 
able wheels adapted to be turned without any limit to their 
turning movements. The turning radius of this vehicle 
may assume any value between in?nity (advanced in a 
straight line) and zero, the latter being situated on the‘ 
longitudinal median axis and permitting the vehicle to. 
rotate on the spot about its centre. This vehicle can also . 
comprise a pair of non-steerable wheels which can be driv 
ing wheels, and which are arranged in the perpendicular 
to the longitudinal median axis in which the turning circle 
centre is- situated. These six-wheeled vehicles are also 
capable of rotating about their centre. 
The characteristic constant angles arranged on either 

side of the longitudinal median axis of the vehicle are 
normally inversely equal to one another, in such a manner 
that the centres of the wheels of each wheel set are con~ - 
nected to one another by a perpendicular to the longitu 
dinal median axis and that, consequently, the wheels 
situated on each side of this axis have the same wheel 
base. In some cases, however, it is advantageous for the 
characteristic constant angles on either side of the longi- ' 
tudinal median axis to be different, so that the perpendic 
ulars to this axis passing through the centres of the wheels 
of at least one wheel set are ollset relatively to one another ' 
and that, consequently, the wheels placed on each side 
of this axis are spaced at different wheel base lengths. 
The asymmetrical arrangement of the wheels makes it‘ 
possible to arrange on the vehicles devices such as lifting 
gear or motors which would be dif?cult to install on an 
asymmetrical vehicle. 

In the steering differential according to the invention, 
the straight guiding means of the mobile elements are 
advantageously slots in which engage crank pins of cranks 
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whereof the length of the arms of those controlling the 
turning of the steerable wheels is variable when the crank 
of the steering member has a ?xed-length arm. The 
mobile element provided with inclined slots, formingchar 
acteristic constant angles with straight lines parallel to 
the longitudinal median axis of the vehicle, has a slot 
parallel, to the said axis and in this slot there is engaged 
the crank, pin of the steering crank, each of the inclined 
s'lots‘consequently forming a characteristic constant angle 
with the latter slot. Moreover, the second mobile ele 
ment which is provided with slots intersecting the in 
clined slots of the other element, has a passage through 
which extends the crank pin of the steering member crank. 
The ?rst element. is preferably a plate which is so guided 

as to be capable of displacement perpendicularly to the 
longitudinal median axis of'the of the vehicle and is pro 
vided near its edges with two inversely inclined slots and 
a median slot parallel to the said axis, the crank pins of 
the cranks having variable-length arms being engaged in 
the inclined slots and-the crank pin of the‘ steering mem 
ber crank in the median slot. 

In the ?rst. form of embodiment of the invention, the 
second mobile. element is a plate which is arranged paral 
lel to the ?rst. plate, guided on the latter so as to be 
‘capable of displacement in the direction of the longitu 
dinal median axis, and provided at therends with two slots 
situatedperpendicularly to the said axis in such a manner 
as to sweep the inclined slots of the ?rst plate, and also 
a centralpassage, in the form of a perforation. The crank 
pins of the cranks with variable-length arms extend 
through the end slots and the crank pin of the steering 
member crank extends through the central perforation. 
When the steering member is operated, for example by 

the steering wheel of a motor vehicle or the draw bar of 
a. towed vehicle, the crank pin of the crank of this member - 
simultaneously. displaces the plate constituting the ?rst 
mobile, element in the direction perpendicular to the longi 
tudinal median axis, and the plate forming the second 
mobile element in the direction of this axis, which has the 
result of causing the displacement relatively to one an-. 
other ofthe isuperposede'nd slots of the two plates and 
ofmodifying in dilferentways, on either side of the longi 
tudinal median axis, ‘the points of intersection of these 
slots. Since the crank’ pins of the cranks with variable 
length arms are obliged‘to'follow these. points of intersec 
tion‘,_ in the axis of which they are necessarily engaged in 
the slots, they modify," in moving over them, the length of 
the crank arms. controlling the turning of the wheels. The 
amount by'which ‘the wheels are turned depends on the 
length‘ of the crankfarms and the turning angles of the 
steerable wheels are ‘differentiated with respect to the 
angle ofyrotation imparted by the steering wheel or the 
draw bar to the crank. of- the steering member, in de 
pendence on the characteristic constantv angle which the 
inclined slots form with straight lines parallel to the 
longitudinal median axis of the vehicle. ‘ 

In a second form of embodiment of the invention, the 
second mobile element comprises a pair of advantageously 
bell-crank. levers which are pivotab-ly mounted on pins 
?xed ‘in the’ plate forming the ?rst mobile element, and 
each“provided-»at the two ends with slots some of which 
sweep the inclined slots ‘and others the median slot of the 
?rst plate. Through the ?rst slots of the levers extend 
the crank. pins of the cranks having variable-length arms, 
and through the second, superposed slots there extends 
thecrank pin of the steering member crank. This form 
oféembodiment operates in a similar manner» to the ?rst. 
The plate forming the ?rst mobile element is displaced, 
undernthe. action of the rotational movement imparted to 
the Ysteeringmembe'r crank, perpendicularly to the longi 
tudinal median axis and the. crank pin of this crank pass 
ing through the superposed slots of the articulated levers 
on‘ the plate, causes these levers to rotate about their 
pins, which displaces the outer slots of these levers which 
intersect the inclined slots of the plate, with the result 
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4 
of modifying again the points of intersection of these 
slots, at which there are arranged the crank pins of the 
cranks having variable-length arms controlling the turn 
ing of the steerable wheels. 

In a third form of embodiment of the invention,_ the 
steering differential comprises a casing containing the 
mobile elements which are adapted to be actuated by 
the shaft of the steering member penetrating into the 
casing, ‘and to differentiate, with respect to the angle of 
rotation of the said shaft, the angles of rotation of shafts 
issuing from the casing and controlling the turning of the 
steerable wheels. The shafts issuing from the casing are 
in this case connected by transmission members such as 
shafts having bevel gearwheels, to the pivots of the turn-. 
ing members of the steerable wheels. The mobile ele 
ments contained in the casing are advantageously sub 
divided into two groups each of which operates a variable 
length-arm crank ?xed on one of the outgoing shafts. 
The groups of mobile elements are arranged preferably 
parallel to one another on either side of a steering member 
comprising at each side a crank which controls the ele 
ments of a group of mobile elements so as to differentiate 
the movement of the outgoing shaft relatively to that of 
the input shaft of the device. The cranks arranged on 
either side of the steering member are preferably offset 
by 180° with respect to one another. 
The elements of each group of mobile elements com 

prise on the one hand two small plates which are ar 
ranged parallel at a ?xed distance from one another, are 
adapted to be. displaced between guides fast with the 
casing, and are each provided with an oblique slot which 
is oblique with respect to the direction of displacement 
of the small plates, these slots intersecting at the char 
acteristic constant angle. The elements of each group 
of mobile elements comprise on the other hand a slid 
ing part which is arranged between the small plates, is 
adapted to be displaced relatively to these latter and is 
provided with a slot arranged perpendicularly to the di-i 
rection of displacement of the said part. The crank pin 
of the crank of the steering member extends through one 
of the slots of the two small plates and engages in the 
slot of the sliding part, whereas the crankwpin 0f the 
variable-length-arm crank extends from the other side 
through the second slot of the two small plates and en 
gages, likewise from the other side, in the slot of the 
sliding part. The length of the crank pins of the cranks 
is so arranged as to permit the crank pins to pass side 
by side without touching one another within 'the sliding 
part. 
The steering member comprises between the groups of 

mobile elements a gearwheel which carries at each side 
a ?xed-length-arm crank and is driven by a worm mount 
ed on the steering shaft entering the casing and carrying 
the steering wheel at its other end. ' 

Several forms of embodiment of the invention are il 
lustrated by way’ of example in the accompanying draw 
ings. 
FIGURE 1 is a diagrammatic view of a steerable 

wheel; 
FIGURE 2 is a diagrammatic view of the turning of‘ 

the steerable wheels of a vehicle provided with a steering 
dilferentialaccording to the invention; 
FIGURES 3, 4 and 5 show diagrammatically several 

possibilities of turning the wheels of a vehicle provided 
with four steerable wheels; 
FIGURE 6 is a diagrammatic view of a siX7Wheeled 

vehicle, four wheels being steerable and two being adapt 
ed to be driven wheels, and ' 
FIGURES 7 and 8' show diagrammatically vehicles . 

which have different wheel bases at the left and right 
sides; 

' FIGURE 9 is a plan view of a steering differential; 
FIGURE 10 is a sectional view on the line X'—-X' and. 
FIGURE 11 is, avsectional view taken on the line 

XI-XI of FIGURE'9; 
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FIGURES 12, 14 and 15 are plan views of another 
steering differential in various positions; 
FIGURE 13 is a sectional view taken on the broken 

line XIII—XIII of FIGURE 12; 
FIGURE 16 is a diagrammatic front view and 
FIGURE 17 is a similar diagrammatic view but in plan 

of the transmission of drive by means of bevel gear 
wheels for controlling the steerable wheels, from a steer 
ing di?erential casing; 
FIGURE 18 shows a diagram similar to that of FIG 

URE 17 in the case of a vehicle having four steerable 
wheels; 
FIGURE 19 is a sectional view of a steering diifer 

ential casing; 
FIGURE 20 is a sectional view on the line XX—XX 

of FIGURE 19 and - 

FIGURE 21 is a sectional view on the line XXI-XXI 
of FIGURE 19. 
A vehicle provided according to the invention with a 

steering differential comprises steerable wheels 1 and 2 
(FIGURE 2), or 1, 2, 3 and 4 (FIGURE 3) or even, 
but not necessarily, non-steerable wheels 5 and 6 (FIG 
URE 6) which can be driving wheels, which are pref 
erably mounted in the straight fork ‘7 fast with a vertical 
pivot 8 rotating freely in the platform 9 of the vehicle 
or in a bearing ?xed to the platform, so that the wheel 
can be turned through any desired angle, which can be 
as much as 360°. Between the fork 7 and the platform 
9 there can be interposed any desired resilient suspension 
element 10. The fork 7 can comprise two limbs con 
nected therein by a horizontal stub shaft 11 about which 
the wheel hub rotates, or a single limb in which the 
shaft 11 is mounted at one of its ends. 
The turning of the wheel is controlled by an oscillat 

ing arm of variable length, in the present case a crank 
12 ?xed on the pivot 8. The crank 12 is provided with 
a groove 13 in which can be displaced a slide 14- (FIG 
URE 9) carrying a crank pin 15, in order to give the 
crank arm the requisite length at each instant. 
By means of the crank pin 15, the crank 12. and with 

it the turning pivot 8 are connected to the steering dif 
ferential of which several variants will be described here 
inafter. In principle, the object of the steering di?eren 
tial is to give the crank 12. of each of the steerable wheels 
the necessary length so that for a speci?c angle of ro 
tation of the steering member-draw bar of a towed 
vehicle or steering wheel of a self-propelled vehicle-the 
turning angle of each of the steerable wheels is differ 
entiated and such that, in the case of all the wheels, the 
plane of the wheels is perpendicular to a straight line con 
necting the centre of the wheel to the turning centre of 
the vehicle. 

Thus, for a four-wheeled vehicle whose wheels 1 and 
2 (FIGURE 2) are steerable, the perpendiculars a to 
the plane of the wheel 1 and b to the plane of the wheel 
2 meet at the turning centre 0 situated on the perpen 
dicular d to the parallel planes of the non-steerable wheels 
3 and 4. The wheels are moved on arcs of circles le, 
22, 3e and 46. Since there are no limits to the extent 
to which the wheels 1 and 2 can be turned, the turning 
centre 0 can be chosen very close to the vehicle, which 
gives the vehicle extraordinary mobility as regards ma 
noeuvring, making it possible, for example, to extract the 
vehicle from a line of vehicles in a single manoeuvre even 
if the space between the preceding vehicle and the fol 
lowing vehicle is only a little greater than the length of 
the vehicle to be extracted. If the turning centre c 
coincided with the ?xed pivot 3 of the wheel 3, the plane 
of the wheel 1 would be parallel to the straight line 0.‘, 
the plane of the wheel 2 perpendicular to the diagonal 
between the centres of the wheels 2 and 3, and the wheels 
1, 2 and 4 would describe arcs of circles about the ?xed 
pivot of the wheel 3. It would even be possible to con 
ceive of shifting the turning centre c into the ?xed pivot 
of the wheel 4, which would make the plane of the wheel 
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2 parallel to the straight line d and would withdraw the 
wheel 3 when the wheels 1 and 2 advance. 

If the wheels 3 and 4 of a vehicle according to FIG 
URE 2 are driving wheels, it is convenient to equip it 
with a differential transmitting force to the wheels, and 
permitting one of the wheels to be locked whilst the 
other is driven in one or other direction, or permitting 
each of the wheels 3 or 4 to be driven in a different direc 
tion, which makes it possible to locate the turning centre 
between the pivots 8 of the wheels 3 and 4. It will be 
apparent that the vehicle advances in a straight line 
when, on the straight line d, the turning centre is situated 
“at in?nity” either to the left or to the right of the longi 
tudinal median axis f of the vehicle. The steering differen 
tial according to the invention makes it readily possible 
to construct vehicles with four steerable wheels each of 
which can be turned through an unlimited angle, so that 
the straight lines a, a’, b and b’, perpendicular to the 
planes of the wheels 1, 2, 3 and 4 (FIGURE 3), intersect 
one another on the straight line g constituting the trans 
verse median axis of the vehicle. In this case, the turn 
ing centre 0 can be located on any desired point of the 
straight line g, from “infinity” to the left to “in?nity” on 
the right of the vehicle; the wheels 2, and 4 move on 
the same are of a circle 2e and the wheels 1 and 3 on 
the same are of a circle 12. 
FIGURE 4 shows the special case where the turning 

centre c is situated on the intersection of the straight lines 
g and a, the latter coinciding with the straight lines a 
and a’ of FlGURE 3, and the planes of the Wheels 1 and 
3 being parallel to the straight line g. 
Another special case is represented in FIGURE 5, 

here the turning centre 0 is situated at the intersection of 
the longitudinal median axis 1‘ and the transverse me 
dian axis g, the vehicle rotates about its own centre, and 
all the wheels move over arcs of of one and the same 
circle 6. This arrangement may be advantageous for 
special vehicles which carry, for example, lifting gear or 
weapons such as guns, and which are to be capable, with 
the same facility, of moving in a straight line, turning 
through any desired arc, and rotating about their own 
centre. 

In the case of vehicles having four steerable wheels, 
the question of driving the wheels presents a particular 
problem. 

Although this problem is only of a secondary nature as 
far as the present invention is concerned, it will be indi 
cated that the said problem could be solved by individ 
ual driving of some or all of the wheels, for example 
by means of electric motors mounted on the forks '7 and 
supplied by a generating set arranged on the vehicle. A 
more conventional solution would consist in arranging a 
pair of wheels 5 and 6 (FIGURE 6) in the transverse 
median axis g, to be driven by a force-transmitting dif 
iercntial whereby these wheels 5 and 6 can be rotated in 
opposite directions. In order to give the plate 9 equal 
stability in all directions, it may be advantageous to ?x 
the pivot 8 of the wheels 5 and 6 on sliding beams 16 
(FIGURE 6) permitting the spacing of this pair of wheels 
to be increahed until the said wheels, in the position 5’ 
and 6’ move over arcs of a circle e on which the steer 
able wheels I to 4- are also‘ movable. For the normal 
movement of the vehicle in a straight or curved line, these 
wheels are situated below the chassis, and in the positions 
5’ and 6’ for manoeuvring on the spot. 
The steering differential according to the invention 

makes it possible to envisage further adaptations of 
vehicles having two or four steerable wheels to particu— 
lar conditions of use. For example, a case may arise 
where the vehicle is intended to take heavy loads of 
considerable length and width and of rather inconsider 
able thickness, which are to be placed on edge on the 
platform, leaning against an oblique frame, or a case 
where the vehicle is intended to receive a working tool 
of a certain length operating only at one side of the 
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vehicle, such as a lifting gear. In all these cases, a 
vehicle having a rectangular platform would be not very 
handy owing to its length and could not be used in work 
shops and stores where narrow passages with sharp bends 
had to be negotiated. The handiness of such vehicles is 
substantially increased if the Wheels at one side of the 
vehicle are given a different wheel base from that used at 
the other side, for example as illustrated in FIGURES 7 
and 8, in order to reduce the length of the vehicle at the 
side where the vehicle is not limited by the dimensions 
of the tool or of the load. 
When the vehicle comprises two steerable wheels 1 and 

2 (FIGURE 7) whose straight lines h and i, perpendi 
cular to the median axis f from the centre of the wheels, 
are offset relatively to one another, the turning of the 
wheels by the steering device is such that the straight lines 
a and b, perpendicular to the planes of the wheels 1 and 2, 
pass through the turning centre 0, although the wheel 
base of the wheels 1 and 3 is greater than that between 
the wheels 2 and 4. The same is true when the wheels 
1 to 4 are steerable wheels (FIGURE 8) and the straight 
lines a, b, a’ and b’ have their common intersection on 
the straight line g at the turning centre c. In this latter 
case, a pair of wheels 5 and 6, preferably driving wheels, 
may optionally be provided, or only a supporting wheel 
5 between the Wheels 1 and 3. 
An essential difference between the constructions where 

in the wheel base is the same at both sides of the vehicle 
(FIGURES 2 to 6) and those where the Wheel base at 
the right of the vehicle is different from what it is at the \ 
left of the vehicle (FIGURES 7 and 8) resides in the 
fact that the characteristic angle is everywhere the same 
in the ?rst case, whereas it varies in the second case to 
the left and to the right of the vehicle. The term “char 
acteristic angle” which will be met with in the description 
of each of the different forms of embodiment of the steer 
ing differential, is used to designate the angle formed by 
straight lines passing through the centre of the steerable 
wheels, whereof the straight line j is parallel to the longi 
tudinal-median axis 1‘ and the straight line k (FIGURES 
2, 7, 8) or Z (FIGURES 7 and 8) meets the point of in 
tersection of the axis 1‘ with the perpendicular to the 
latter at which the turning centre c is situated. In the 
case illustrated in FIGURE 2, the characteristic angle in 
is identical in the case of the wheels 1 and 2, Whereas 
the arrangement according to FIGURE 3 (and also ac 
cording to FIGURES 4 to 6) comprises four identical 
characteristic angles in’. In the vehicle according to FIG 
URE 7, the characteristic angle for the wheel 2 is m 
and it- corresponds to rn at the wheel 1. The vehicle ac 
cording to FIGURE 8 comprises two identical charac 
teristic angles m’ for the wheels 2 and 4, and two identical 
characteristic angles n’ for the wheels 1 and 3. It should 
be remarked that the characteristic angle depends on the 
spacing of the steerable wheels, but for the sake of greater 
simplicity this has not been taken into account in FIG 
URES 2 to 8. 

It will be apparent that the steering differential accord 
ingto the invention can be applied to vehicles designed 
otherwise than those corresponding to FIGURES 2 to 8, 
for example to three-wheel vehicles having two steerable 
wheels or wherein all three Wheels are steerable. 

In a ?rst form of embodiment, the steering differential 
thereof is constructed to turn the wheels at one end of the 
vehicle, for example, the wheels 1 and 2 shown in the 
embodiments of FIGS. 2 and 3 of the drawings, and com 
prises superposed mobile plates 17 and 18 (FIGURES 9 
to 11)., The plate 17 is adapted to be displaced laterally 
along a parallel to the transverse median axis 3- (FIGURE 
3), guided'by rollers 19 having a horizontal axis and 20 
havinga vertical axis, rotating in U-irons 21 and 21' rest 
ing on one of their ?anges and fast with the chassis 22. 
The plate 18,- perforated substantially to have a cross-like 
form, is adapted to be displaced on the plate 17 in the di 
rection of the longitudinal median axis f, guided for this 
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purpose by dogs 23 which are ?xed in the plate 17 and 
embrace the limb 24 of the cross forming part of the 
plate 18. 
The plate 17 comprises a central slot 25 parallel to 

the axis 1‘ and two oblique slots 26 and 26’ the inclination 
of which relatively to the straight lines 1' parallel to the 
axis 1‘ is such that the axes k of these slots form, with the 
straight lines 1', inverse characteristic angles m if the wheel 
base of the wheels 1 and 3 (FIGURE 2) is identical to 
that of the wheels‘ 2 and 4; or characteristic angles m and 
n if the wheel base of the wheels at the left of the ve 
hicle differs from that used at the right of the vehicle (ar 
rangement shown in FIGURES 7 and 8). 
The plate 18 is provided at each end of the limbs 27 

with a slot 28, 28' respectively, which are parallel to the 
transverse median axis g (FIGURE 3) and intersect the 
oblique slots 26 and 26’ of the plate 17. At the inter 
section of the limbs 24 and 27, the plate 18 has a per 
foration occupied by the ball bearing 29, the centre of 
which coincides with the axis of the slot 25 of the plate 17 . 
The steering member comprises a stub shaft 30 which 

is arranged at the intersection of the median axis 1‘ and 
the straight line connecting the axes of the pivots 8- of 
the wheels 1 and 2, rotates in a vertical position in a cross 
member 31 (FIGURE 10) ofthe chassis and comprises at 
its upper end either a steering wheel 32 or a draw bar 
(not shown in FIGURES 9 and 10) and at its lower end 
a crank 33 of ?xed length provided with a crank pin 34 
which extends through the ball bearing 29 of the plate 18 
and the slot 25 of the plate 17. 
The crank pins‘ 15 and 15' of the cranks 12 and 12’ 

mounted on the pivots 8 of the wheels 1 and 2 engage 
in the slots 26 of the plate 17 and 28' of the plate 18 
and the slots 26' and 28’ respectively, at the intersection: 
of the superposed slots. 
As already explained, the arms of the cranks 12 and 

12’ are of variable length, the crank pins 15 and 15’ 
being ?xed in the slides 14 which are displaceable in the 
grooves 13 (FIGURE 10). 
When the steering wheel 32 is operated, for example 

in the clockwise direction, the crank pin 34 of the crank 
33 moves the plates simultaneously but in different ways. 
The lower plate 17 is displaced transversely to the median 
axis 1‘, by the co-operation between the crank pin 34 and 
the slot 25. When the crank 33 has travelled through an 
arc ‘of a circle amounting to 180°, the plate 17 is situated 
in the position 17’ and the inclined slots 26 and 26’ are 
displaced parallel to themselves through the same dis 
tance. A second rotation of 180° of the steering wheel in 
the same direction or in the contrary direction returns the 
plate to its original position. The upper plate 18' is car 
ried along in the movement of the plate 17 and at the 
same time carried out on the latter plate a displacement 
in the direction of the axis 1‘, resulting from the co-opera 
tion between the crank pin 34 rotating in the ball bearing 
29 and the dogs 23. Thus, after a quarter of a revolution 
of the crank in the clockwise direction, the plate 18 is 
'situated in the position 18', and, after three-quarters of a 
revolution, in the opposite position 18". 

During these co-ordinated movements of the plates 17 
and18, the slots 28 and 28’ of the upper plate sweep the 
slots 26 and 26’ of the lower plate, andthe crank. pins 15 ‘ 
and 15' of the cranks 12 and 12’ are obliged to move in 
the latter, the crank pin 15 being displaced differently 
from the'crank pin 15'. The differentiated length of the 
cranks 12 and 12’ which resultshas the consequence. that. 
the pivots 8 of the wheels 1 and 2 carry out rotational 
movements of different angular amounts at the wheel 1 
end at the wheel 2. The turning of these Wheels is differ 
entiated in such a manner that the perpendiculars. to the 
planes of the wheels passing through the centre of the 
said wheels intersect at the. turning centre of the vehicle, 
owing to the inclination of the slots 26 and 26’ which cor 
responds constantly to the characteristic angle. 

In a further form of embodiment (FIGURES 12 to 15) 
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which is also constructed as in the embodiment of FIGS. 
9-11 to turn the wheels at one end only of the vehicle, 
the steering differential differs from that according to 
FIGURES 9 to 11 in that the plate 13 is replaced by a 
pair of two-arm levers 35 and 35’ which are pivotably 
mounted on pins 36 and 36’ ?xed in the plate 17 and are 
provided at their ends with slots 37, 37', 33 and 3d’. 
The lever 35 is doubly bent at 39 (FIGURE 13) so that 

the slots 38 and 38’ are superposed on one another and 
can be occupied by the crank pin 34 of the crank 33 con 
trolled by the steering wheel 32. As previously, the axes 
k of the inclined slots 26 and its’ form with the straight 
line 1' parallel to the longitudinal median axis f, inverse 
characteristic angles in (FIGURE 12) or angles m and n 
if the wheel bases at the right and left sides of the vehicle 
are not identical to one another. The levers 35 and 35' 
are advantageously elbowed at the place where the pins 
36 and 36' are situated, in order that the inclined slots 26 
and 25' are swept by the slots 37 and 3'7’ at an angle facili 
tating the sliding of the crank pins 15 and 15' which are 
engaged in these slots. When the wheels 1 and 2 are par 
allel to the median axis 7‘ and the vehicle advances in 
a straight line (FIGURE 12), the angle between the 
outer slots substantially approaches a right angle and 
even when the wheels are considerably deflected (FIG 
URES 14 and 15), this angle still remains favourable 
to the easy movement of the crank pins. 
FIGURES 12, 14 and 15 show the position of the plate 

1'7, the position of the levers 35 and 35', cranks 12 and 
12’, and wheels 1 and 2, and also the useful length of the 
cranks 12 and 12' for three different positions of the crank 
33 obtained by manipulating the steering wheel 32, 

In the arrangement shown in FIGURE 12, wherein the 
crank 33 is parallel to the cranks 12 and 12’ which are 
all in the same perpendicular direction to the longitudinal 
median axis 1‘, the useful length of the cranks 12 and 12' 
is identical, the crank pins 15 and 15’ are situated approxi 
mately in the middle of the slots 26 and 26', the inner arms 
of the levers 35 and 35’ are aligned, and the plate 17 is 
displaced completely towards the right. 
An angular displacement of the crank 33 through ap_ 

proximately 45° (FIGURE 14) displaces the plate 17 
towards the left, breaks the alignment of the internal 
arms of the levers 35 and 35’, displaces the crank pins 15 
and 15' in the direction of the end of the slots 26 and 26', 
reduces the useful length of the crank 12 and increases 
that of the crank 12’, in such a manner as to subject these 
cranks to different angular displacement which turn the 
wheels so as to make the vehicle carry out a turning 
movement the centre of which is outside the area occupied 
by the vehicle, for example as indicated by the turning 
centers of the wheels 1 and 2 shown in the embodiments 
illustrated in FIGURE 2 or 3. 

If the angular displacement of the crank 33 reaches 
a position forming a right angle (FIGURE 15) relatively 
to the position shown in FIGURE 12 the plate is displaced 
still further towards the left, the crank pin 34 is situated 
at the outer ends of the slots 38 and 33', which intersect, 
when it was in the middle of these slots, in the arrange 
ment shown in FIGURE 12; the crank pins 15 and 15' 
occupying the end of the slots 26 and 26' and the axes 
of the cranks 12 and 12' coinciding with the axes of these 
slots, it will be seen that a special position is presented 
wherein the wheels are in planes perpendicular to the slots, 
which are inclined and orientated so as to cause the ve 
hicle to turn about its centre, as shown in FIGURES 5 
and 6. 

It will be apparent that the arrangement according to 
FIGURE 9 also makes it possible to carry out all the 
turning movements of the steerable wheels described for 
the steering differential according to FIGURES 12 to 15. 

In a third form of embodiment, the steering differential 
is more compact than in the forms of embodiment de 
scribed previously, and can be enclosed in a casing of small 
dimensions which can be arranged at any suitable point 
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on the vehicle. In principle, a speci?c angular movement 
of the shaft 30 of the driving member, entering the casing 
49 (FIGURES 16 to 18), is differentiated within the lat 
ter and transferred to the output shafts 41 and 41’ which 
transmit the differentiated angular movements to the 
pivots 8 of the forks 7 of each of the wheels 1 and 2 by 
means of bevel gearwheels 42 and 43, 42’ and 43' re 
spectively. In the embodiment shown in FIGURES 16 
and 17, which is constructed to turn the wheels at one 
end only of the vehicle, the casing 40 is also intersected by 
the plane passing through the axes of the pivot 8 and the 
output shafts $1 and 41’, but it may be arranged in any 
desired position on the general layout of these shafts. 
However, it is easy to situate the casing outside this plane 
by interposing between the bevel gearwheels 42, 43 and 
42', 43’ respectively, shafts 44 and 44’ which are provided 
at their ends with bevel gearwheels 45, 4’6 and 45', 46’ 
respectively (FIGURE 18, portion of the diagram shown 
in full lines). As is shown in FIG. 18 also, it is easy to 
extend this transmission of differentiated angular move 
ments to vehicle having four steerable wheels. For this 
purpose, the shafts 44 and 44' are prolonged by shafts 
47 and 47’ carrying terminally a bevel gearwheel 48 or 
48’ meshing with the bevel gearwheel 43 or 43' mounted 
on the pivots 8 of the wheels 3 and 4 (FIGURE 18, por 
tion of the diagram shown in broken lines). It will be 
apparent that the bevel gearwheels 45 and 45' can be 
?xed at any desired point in the general layout of the 
shafts 44 and 47. 
The disclosed steering differential enclosed in the cas 

ing 46 is based on that shown in FIGURES 9 to 11 but 
may be composed of the structural features of the embodi 
ments disclosed in FIGS. 9-11 and 12-15 to turn either 
two or four wheels as indicated in FIGS. 16 to 18. As 
shown, the steering differential in casing 40 comprises on 
either side of a gearwheel 49 (FIGURE 19) driven by a 
worm 50 ?xed on the input shaft 30 actuated by the 
steering wheel 32, a ?xed-length crank 33 or 33', whose 
crank pin 34 or 34’ controls a device having co-ordinated 
plates which regulates the useful length of a crank 12 or 
12’, communicating to the output shafts 41 or 41' an 
angular movement differentiated with respect to the angu 
lar movement imposed on the input shaft 30. 
Whereas the steering differential according to FIGURES 

9 to 11 comprises a single device with co-ordinated plates 
17 and 18, extending substantially over the entire width 
of the vehicle and regulating the differentiated turning of 
two steerable wheels, the differential according to FIG— 
URES 19 to 21 comprises two devices with co-ordinated I 
plates, as has just been discussed. These latter are of 
greatly reduced dimensions and are arranged parallel to 
one another within the casing 40, and each one regulates 
the turning of a single steerable wheel, if appropriate the 
steerable wheels at one side of a vehicle having four 
steerable wheels controlled by a transmission unit com 
prising bevel gearwheels is accordance with the diagram 
shown in FIGURE 18. 
The device using co-ordinated plates contained in the 

casing 46 are each constituted of a hollow body 51 of 
rectangular cross-section (FIGURE 19) which is adapted 
to be displaced between the guides 21 and 21’ from one 
wall of the casing to the other, and of a slide 52 adapted 
to be displaced within the hollow body 51, perpendicularly 
to the direction of displacement of the latter (FIGURES 
19 to 21). The face 53 of the body 51 is provided with 
a slot 54 (FIGURE 21) which is inclined relatively to 
the guides 21 and 21', and the opposite face 55 with a 
slot 55 (FIGURE 20) which is inclined relatively to the 
slot 54 in such a manner that these slots form between 
themselves the characteristic angle m (FIGURE 21). 
(If the steering differential casing is intended for a ve 
hicle whose left-side wheels have a different wheel base 
from that used for the right-hand side wheels, the angle 
between the slots of the body 21 situated at one side of 
the gearwheel 49 will be m, and the angle between the 
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slots of. the body 51 which is situated at the other side 
of this gearwheel will be 12, for the reasons given earlier). 
The slide 52 Comprises a'slot 57 which is parallel to the 

guides21 and 21'. The crank pins 34 and 34’ of the 
cranks 33 and 33' each extend through a slot 54 and 
penetrate into a slot 57. The crank pins 15 and 15' of 
the ‘cranks whose useful length can be modi?ed each ex 
tend through a slot 56 and also penetrate into a slot 57. 
The length of the crank pins and the thickness of the slide 
52 are, of course, so arranged that the crank pins 15 and 
34 and 15' and 34' can within the slot 57 pass’ beside one 
another Without touching each other at their ends, and 
thus without- hindering each other in their respective 
movements. 
In the arrangement shown in FIGURE 19, the cranks 

33 and 33’ occupy positions arranged at 180° opposite to 
one another, which has the advantage of balancing the 
moving masses in the casing, the bodies 51 and, within the 
latter, the slides 52 which are displaced in opposite direc 
tions, but the eifect of these displacements on the output 
shafts 41 and 41’ would be the same if the cranks 33 and 
33' were orientated in the same direction and if the de 
vices with co-ordinated plates were therefore displaced 
in the same direction. It will also have been noted that 
FIGURE 19 shows cranks whose useful length can be 
modi?ed and which are constituted by a tube 58 or 58’ in 
twhich can slide a rod 59 or 59’ carrying the crank pin 15 
or 15’. Finally, the input shaft 30 can of course be ar 
ranged at any desired inclination relatively to the casin g 40. 

The inter-associated movements of the hollow bodies 51 
and slides 52 produced by a speci?c angular displacement 
of the cranks 33 and 33’, differentiate the angular move 
ment'siof the output shafts 41 and 41", modifying the use 
ful length of the cranks 12 and 12*, and have indirectly 
on the pivots 8 of the steerable wheels an effect similar 
to that produced by the single crank 33 of the form of 
embodiment shown in FIGURES 7 to 9‘ on the co-ordi 
nated' plates 17 and 18 which act directly on the cranks 12 
and 12’ of variable useful length and, through the latter, 
on the pivots 8. 
The invention, is not, of course, limited to the forms of 

embodiment which have been described and illustrated by 
way of example, and modi?cations could be made thereto 
without departing from the scope of the said invention. 

I claim: ' 

1. Steering mechanism for a vehicle having at least one 
pair of steerable wheels, comprising a steering member 
connected to each steerable wheel to turn the latter about 
a vertical axis passing through the center of such wheel, 
a crank arm of variable length connected to said member 
for turning the latter about its longitudinal axis and hav 
ing a pin displaceable longitudinally thereof to vary the 
length of such crank arm, a steering device for the ve 
hicle, and means connecting said steering device to said 
crank arm pins and operable to control the displacements 
of said pins and through such displaced pins to turn said 
crank arms to turn-said steerable wheels so that the plane 
of each wheel will always be perpendicular to a straight 
line connecting the center of the wheel to the center of 
any turn which the vehicle is caused to make by said 
steering device, said connecting means including a ?rst 
rectilinear guide member for each crank arm pin disposed 
at a given angle to the longitudinal median axis of the 
vehicle and reciprocatable on movements of said steering 
device along a- rectilinear path perpendicular to said medi 
an axis andrparallel to a line connecting the vertical turn-r 
ing axeswotisaid wheels, and including a second rectilinear 
guide member for each crank arm pindisposed in inter 
secting relation to said ?rst guide member and displace 
able in a circular path on movements of said steering de 
vice' to displace the crank arm pin along the length of said 
?rst'guide member and thereby to vary the length of the 
crank arm provided with such pin so as to maintain said 
perpendicular relation ‘of each steerable ‘wheel to the 
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turningcenter of the vehicle as such wheel is being turned 
by said steering device. 

2. Steeringmechanism for a vehicle having at least one 
pair of steerable-wheels, comprising a steering member 
connected to each steerable wheel to turn the latter about 
a vertical axis passing through the centerof such wheel, 
a steering-device for the vehicle, and means connecting 
said steering device to said steering members and oper 
able to turn said steerable wheels so that the plane of each 
wheel will always be. perpendicular to a straight line con 
necting the center of the wheel to the center of any turn 
which the vehicle is caused to make by said steering de 
vice, said connecting means including a crank arm of 
variable length connected to each wheel steering mem 
her for turning the latter. about its longitudinal axis and 
having a pin displaceable longitudinally thereof to vary 
the length of said crank arm, a ?rst elongated guide 
member for each crank arm pin reciprocatable on move 
ments of said steering device along a rectilinear path per 
pendicular to such pin and parallel to the crank arm on 
which said pin is provided, and a second elongated guide 
member for each crank arm pin disposed in intersecting 
relation to said ?rst guide member and displaceable on 
movements of said steering device in a circular path per 
pendicular to such pin and parallel to the crank arm on 
which said pin is provided, one of said ?rst and second 
guide members associated with each crank arm pin being 
straight and disposed at a given angle to the median axis 
of the vehicle extending between said wheel steering mem 
bers, and the other of’ said guide members sweeping 
across said one guide member during movements of said 
steering device to displace the crank arm pin along the 
length of said one guide member and thereby to vary 
the length of the crank-arm provided with such pin so as 
to preserve said perpendicular relation of each steerable 
wheel to the turning center of the vehicle as such wheel 
is being turned by said steering device. 

3. Steering mechanism such as de?ned in claim 2, in 
which the vehicle is provided with two wheels on each 
side of said median axis of the vehicle, the two wheels 
situated on one side of said axis having the same wheel 
base as the two wheels situated on the other side of said 
axis, and in which all of said straight guide members as 
sociated with the steerable wheels of said vehicle are dis 
posed at the same given angle to such median axis. 

4. Steering mechanism such as de?ned in claim 2, in 
which the vehicle is provided with two wheels on each 
side of said median axis of the vehicle, the two wheels 
situated on one side of said axis having a different wheel 
base than the two wheels situated on the other side of 
said axis, and in which the straight guide members asso 
ciated with steerable wheels on said one side of such 
median axis are disposed at a diiierent given angle to 
‘such median axis than the guide members associated with 
steerable wheels on the other side of such median axis. 

5. Steering mechanism such as de?ned in claim 2, in 
which each of said guide members is constituted of a plate 
like part having an elongated slot through which extends 
as associated crank arm pin, each of said straight guide 
members having a straight slot disposed at said given 
angle. 

6. Steering mechanism such as de?ned in claim 2, in 
which each of said crank arms is directly connected to 
one of said steering members. 

7. Steering mechanism such as de?ned'in claim 2, in 
which said crank arms are spaced from said steering mem 
bers, and motion transmitting means connecting each of 
said crank arms to one of said steering members. 

8. Steering mechanism such as de?ned in claim 2, in 
Which said steering device comprises a movable steering 
element, a crank arm of ?xed length connected to said 
element and to an associated pair of said ?rst and sec 
ond guide members and operable on movement of said 
steering‘element to simultaneously impart reciprocating 
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movement to said ?rst guide member and circular move 
ment ‘to said second guide member. 

‘9. Steering mechanism such as de?ned in claim 8, in 
'cluding a rigid member connected to that one of said 
guide members which is straight and disposed at a given 
angle to said median axis of the vehicle, said rigid mem 
ber having a slot parallel to said median axis, and said 
crank arm of ?xed length having a pin engaged in said 
parallel slot and through said pin and slot and said rigid 
member imparting reciprocating movement to said straight 
guide member. 

10. Steering mechanism such as de?ned in claim 9, in 
eluding a rigid member connected to the other or" said 
‘associated guide members and having an opening through 
which the pin of said crank arm of ?xed length extends 
and imparts circular motion to said other guide member 
on movement of said steering element. 

11. Steering mechanism such as de?ned in claim 2, in— 
cluding a plate extending between the longitudinal axes 
of said Wheel steering members and means slidably sup 
porting said plate for reciprocating movement parallelly 
to a line joining said longitudinal axes and perpendicu 
larly to said median axis of the vehicle, said plate carry 
ing on its ends said straight guide members disposed at a 
given angle to said median axis, and being provided in 
ter-mediate said guide members with an elongated slot 
parallel to said median axis, and in which said steering 
device comprises a movable steering element and a crank 
arm controlled by said steering element and having a pin 
engageable in said elongated slot so that movement of 
said steering element imparts reciprocatory movement to 
said plate and said straight guide members. 

12. Steering mechanism such as de?ned in claim 11, in 
cluding rigid means arranged parallel to said plate and 
provided at its ends with the other of said guide members 
arranged in intersecting relation with said straight guide 
members, said crank arm pin being connected to said rigid 
means to impart circular movement to said other guide 
members as said plate is reciprocated. 

13. Steering mechanism such as de?ned in claim 2, in 
cluding a casing containing said connecting means, and 
a pair of output shafts extending from said casing and 
each drivingly connected to the steering member of a 
steerable wheel, and in which said steering device com 
prises a steering element operable to turn the vehicle, a 
steering shaft carrying said steering element and extend 
ing into said casing, and means in said casing connected 
to said steering shaft and operable on movement of said 
steering element to impart corresponding reciprocating 
movement to said ?rst guide members and circular move 
ment to said second guide members of said connecting 
means, and in which said variable length crank arms of 
said connecting means are connected to said pair of out 
put shafts. 

14. Steering mechanism such as de?ned in claim 13, in 
cluding rotational transmission elements connecting the 
output end of each of said output shafts to the steering 
member of at least one steerable wheel. 

15. Steering mechanism such as de?ned in claim 13, 
in which each associated variable length crank arm, ?rst 
guide member and second guide member are formed into 
a unitary group arranged parallel to the other unitary 
group thereof and said unitary groups are arranged on 
opposite sides of said operable means for connecting said 
steering shaft thereto. 

16. Steering mechanismv such as de?ned in claim 15, 
in which said operable means for connecting said steering 
shaft to said unitary groups comprises a pair of crank 
arms, each connected to one of said unitary groups and 
being offset relative to the other by 180° . 

17. Steering mechanism such as de?ned in claim 16, 
in which the associated ?rst and second guide members 
in each group comprise a pair of spaced parallelly arranged 
plates secured to one another and slidably mounted for re 
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ciprocatable movement in said casing, each of said plates 
being provided with a slot disposed obliquely to the di 
rection of slidable movement of said plates and opposite 
to each other so that they intersect at a given angle, and 
a member slidably mounted between said plates and pro 
vided with a slot intersecting said oblique plate slots, and 
in which the pin of the associated crank of said steering 
device extends through the oblique slot of one of said 
plates and into one side of the slot of said sliding mem 
her, and the pin of the associated crank arm of variable 
length extends through the oblique slot of the other of 
said plates and into the other side of the slot of said slid 
ing member, the lengths of the crank pins being such that 
the portions thereof extending into the opposite sides of 
the slot of said sliding member may move past each other 
without interference; I x ‘ _ , 

l8. Steering mechanism such as de?ned in claim 16, 
in which said crank arms of said operable means of said 
steering device are of ?xed length, and in which such 
operable means comprises a worm gear secured to both 
of said ?xed length crank arms, and a worm mounted 
said steering shaft and drivingly engaging said Worm 
gear. 

19. Steering mechanism for a vehicle having at least 
one pair of steerable wheels, comprising a steering mem 
ber connected to each steerable wheel to turn the latter 
about a vertical axis passing through the center of such 
wheel, a steering device for the vehicle, and means con 
meeting said steering device to said steering members and 
operable to turn said steerable wheels so that the plane 
of each wheel will always be perpendicular to a straight 
line connecting the center of the wheel to the center of 
any turn which the vehicle is caused to make by said 
steering device, said. connecting means including a crank 
arm of variable length connected to each wheel steering 
member for turning the latter about its longitudinal axis 
and having a pin displaceable longitudinally thereof to 
vary the length of said crank arm, ?rst means having 
spaced parts each provided with an elongated slot through 
which one of said crank arm pins extends and each being 
connected to and operable by said steering device to re 
ciprocate along a straight path perpendicular to such pin 
and parallel to the crank arm on which said pin is pro 
vided, and second means having spaced parts each adja 
cent to one of said spaced parts of said ?rst means and 
provided with an elongated slot through which one of 
said crank arm pins extends and disposed in intersecting 
relation to the guide slot in said one spaced part of said 
?rst means so that the same pin extends through both of 
such slots, said second means being connected to and op 
erable by said steering device to move each of said spaced 
parts thereof along a circular path perpendicular to its 
associated pin and parallel to the crank arm on which 
said pin is provided, the slot in one of the spaced parts 
(of said ?rst and second means associated with each ex 
tending pin being straight and disposed at a given angle 
to the median axis of the vehicle extending between said 
wheel steering members, and the slot in the other of said 
spaced parts associated with such extending pin sweeping 
across such straight slot in said one part during move 
ments of said steering device to displace such extending 
pin along the straight slot in said one part and thereby 
to vary the length of the crank arm provided with such 
extending pin so as to maintain said perpendicular rela 
tion of each steerable wheel to the turning center of the 
vehicle as such wheel is being turned by said steering 
device. 
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